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Downwash angles have been measured behtd a model of a high- 
aspect-ratio wl- at points near t h e  probable tail location at Mach 
nmbers up to 0% in the Langley  8-foot high-speed tunnel. W e  
model .has an NACA 65-210 section, an aspect  ratio of 9.0, a taper 
ratio Qf 2.5:1, no test, dihe-1, or sweepback. The reeults 
irdlcate  that  the  variations of dwwash angle d.th normil-force 
cosfficient are  approximately t he  same at  Mach nmbers up to the 
hi&est test value for normal-force coefficients up to the stall 
cozditian, and that the downwaeh angle f qr a given nomnal-f orce 
coefficient varies only slightly  at Mach nlmibers up to apprai- 
mately 0.83 but decreaaes by approximately 0.4' when t h e  Mach number 
is increased from 0.83 to the  highest  test  value. 

The downwash angle at the position of the tail behind a w l n g  
similar to  that tested, that is an un'misted wing with a high-aspect 
ratio and a constant  section  acrosa ths span, at &ch numbera 
appreciably above t h e  oriticalvaluea be predicted with fair 
accuracy using presently available equations or  chmts  with or 
without a correction f o r  compresslbility. 
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The Langley 8-foot  high-speed  tunnel 8taf'f hzm conducted a 
series of tests on models of a high-aspect-ratio wTng and typical 
tail atM8ch numbers up to 0.925. The aerodynamic  characteristics 
o f  the wing are presented in  reference 1, and those of the tail are  
presented in reference 2. In order to use the results of these t e s t s  
in t he  determination of t h e  stabi l i ty  and trlm  characteristics of a , 
complete airplane, t h e  domwaah angles behind the w i n g  at t h e  tail 
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Apparatus 

8-foot high-speed tunnel, in wWch the t e s t s  were 
t he  single-return, closed-t2lroat m e .  The Mach 
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m e  w i n g  used tn this. investigation .YB described in reference 1. 
The wing has an MACA 65-210 section, an aspect ra t io .of  9.0, a 
taper   ra t io  of 2.5 to 1.0, no sweepback, twist oz &Lhe.dral. The 
effective span of the ?nodel is 37.8 inches, the root chord is 6 inchee, 
asd the tip chord is 2.4 inches. The model was supported in the’ 
tunnel by meane of a vertfcal plate as itescribed in reference 1. 

The downwadi behina t h e  wtng was measured by a mll yaw head. 
which was placed 2. &root-chord lengths behind the  25-percent-chord 
s ta t ion  of the model and 0.25 semiapan f r o m  the plate.  The yaw head 
W&B held in place by means of an arc-ehaped sWt which YELS fastened 
t o  the side of the support plate a8 shown in figure 1. me VertiCEtl 
position of the yaw head was adjusted by changing the position of the 
arc-shaped stmt on the plate.  Total-pressme ITbea.,%mmente were 
made at  the points atwbich dmwash measw’emsnts were made by measle 
of the rake described in reference 1. 

Tests and Reduction of Data 

The yaw heaa m e  calibrated a t  the test Mach nmbers by measuring 
the pressures a t  the open end of the tybes tdth the yaw head rotated 
at varfous angle8 with respect t o  the support; an& bumel. Yaw head 
measurement8 were made . M t h  the yaw head 0-,O e 2 5 ;  0 -%-, and 1.O-root- 
ohdrd lengths above the center of ro-tioa of ;the wlng at wrcorrected 
Mach numberg of 0.4, 0.4, 0.76, O,&, 0.85, an& 0.883 for angles o f  
attack of 0 , 20, 4 , and, 7O. Total-presaure measurements were made 
at the same Mach numbers and ~tngles o f  attack. The-pessures meaeured 
at each of the opeh ends of the  yaw head were corrected for  the 
difference between the msasurad and the free-stream values of total 
pressure a t  the positions of these open enas,and t he  aownwash angles 
were obtained from .these corrected pressure values. Downwash angles 
f o r  positions 0 -5-  and. OP7-root-chord lengths above the wing ohord 
Une extended have been determine& from aterpo3atic.m of these. resulta. 
An analysis of possible soqcep of emor ind3oates %hat theomximum 
error of the downwash angles presented ie apprbx imteu  o .I 
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The Mch numbers have been corrected f o r  the effects of the 
tunnel wall by the method described in  reference 1, The dommsh 
angles have been corrected wing the. equations  presented in 
referenoe 4. The downwaah corrections etpplied at Mach numbers 
of o .40 and 0.9 were approximatel;g 3 7 percent of  t h e  measured 
values,respectively. 

Calcul.ation~~ of Downwash Angles 

The results of numerow t e s t s  (reference 3)  indicate  that  the 
downwash angle behind an a i r f c i l  at low speeds may be calculated 
with suff ic ient  accuracy by u ~ e  of the  theoretical  span load 
distribution wesentsd in  reference 6 and the methods given in 
reference 3 which are based on Biot-Savmt  equation and the l if t ing- 
line concept. Even more satisfactory results might 'be obtafned by 
the use of those equations and the measured span load distributions.  
An assalysis presented i n  referenm k 3adfcates that the downwash 
angle at any point  behind 8 w i n g  at Mach numbers M up to the 
o r i t i c a l  value may be determined by the methods o;P reference 3 if 
computat%ons &re made for a point which is a t  a diertmce 
of times the t a i l  length f rorn the l i ne  of reference. 

Using the tlleoretical spa31 load  diatrfbution shown i n  figure 2 
and the'equatiom of reference 3, the downwash an.gles have been 
calculated for a Mach nwber of 0.4 f o r  the stations f o r  which 
experimental data. are presented. Using t h e  same load  distributions 
and equations and the correction f o r  compressibility  the downwash 
angles have been calculated for Mach numbers from 0 .h to 0 for 
the upper stat ion for which experimental data are presented. Using 
measured span load  distributions sLmilar t o  those shown f n  figure 2 
i n  place of the theoretical diStribUtiOn8, similar calculations have, 
been made for the aame station . and Mach number range. Downwash 
angle8 determined by ufle of these  tPleoretica1 span load distributions 
and methods of reference 3 for a point in the YpbELne of symetry of the 
.wing or average domvaah angle. value for tail poaition may be obtained 
w i t h  very l i t t l e  e f fo r t  us.ing the  chart8  presented a reference 7. 
The equations of -reference 3 rather than the charts have been used 
for a11 the  calculatione  since the calculated values for the off-center 
points, of me.aeuynent mr0 b a i r e d .  



Experiktal Results 

The variations of the downweah angles with normal-force  coefficient 
for the  vaxious  Mach numbers and f o r  the two meae'wement stations are 
presented in figure 3 .  The variations of the downwash angles with 
Mach nuniber for normal-force ooefficients of 0.2, 0.4, and 0.7 are 
presented in  figure 4. The nomnal-force  coefficimhe msdsured =e 
very nearly equal. to the lift  coefficients for the safps conditions; 
t h e  variations  of the dmwash angle with normal-force coefficient 
are themfox% very nearly the same ae the veriatians wlth llft 
coefficient for the eame conaitions. Any discrepancy is  less than the 
probable maximum error in  ths measured angles. 

For a l l  Mach numbers tihe .variations of dnwnwash angle with 
normal-force  coefficient are approximately the same up to the stalled . 
condition (fig. 3) .  
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Figures 3 and 4 indicate' that the domwsh q l e e  for 8 given 
normal-force  coefficient do not vary appreciably when the Mach nuniber. 
i s  inoreased up to approximately 0.83, a value which is approxi'- 
matelJ 0.1 greater than the critical  Mach number at the design a g l e  
of attack for t h e  wing (reference 1). The results prssented in 
referepce 8 show that the changes in the downwash an&.ee behind other 
Wings f o r  given lift  coefficiente.are small st Mach numbers up to 
t h e  critical  value. 

At Mach nupibere @eator than 0.83 the donwash angle for e given 
normal-force  coefficient  &ecreBses slightly. %!he changes are 
amroximately the same for all nomaal-foroe ccreffioionfs at both of , 

the vertical stations a;na. in most caaeB are less *an o .bo at a 
number of 0.8g. 

Comparison of Experimental and CaloulatBd Results 
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These cauparisms indicate that the dmwash a t  the tail posikkn 
behind a trhg simllar t o  that tested, that i e  &II untwisted Iring 
w i t h  a high-aspect r a t i o  and a constant section qcross the apmt 
a t  Mach nwpbers appreciably above the cr l t ical  Mach number may be 
predicted with fafr etccuracy usi.ng the theoretical span load distri- 
bution and the mthcx3s of reference 3 or the charta of reference 7. 
The correction for cconpmssibility does not significantly aff'ect the 
agreement between the measured and calculated valuea. 

The results of dawnwash angle measurements made near the tail 
location behind a hfgh-aspect ra t lo  wing with an MAC3 65-210 a i r f o i l  
section, an aspect ratb af 9.0, and a taper r a t i o  of 2.5:l at Mach 
numbers up to O.@ 4ndica-h the follawing: 

1. For each Mach number up t~ the highest test vaJ..ue the 
variatLons of the downwatsh w@.es w i t h  noMnal4oroe coefficient w e r e  
a-pproxtmtely the Bame up to the stalled. condition. 
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Fig. 2 NACA RM No. LIB12 
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Fig. 4 NACA RM No. L7B12 
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NACA RM No. L7B12 * ~ Fig. 3 
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